
rec'd muNaw 



WIPO 



PCT 



Office 



V) 



| PRIORITY 
DOCUMENT 

I SURMiTTED^OR TKANStoTTED 
i BUT NOT COMPLIANCE WITH 
j RULE 17.1(a) OR (b 



25 APRS; 



£| rti/ib U 3 / 0 5 427 





INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company " or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed 



Dated 27 April 2004 



BEST AVAILABLE COPY 



An Executive Asenrv nf ttv» Tw»ow^rw»«* — j j t_ j..... — 



4401707390770 SUE GENTLE 

Patents Form 



259 P02 25.10.02 20:06 



Pate--\Aet 1977 



IRtOFFIGE 
FA 

25 OCT 2082 



Request fori 

(Se* theses an the took, of this firm. ¥au aau 4lso get 
an GyteHatory leaflet from thePawtt Office to help 
ypufitl in this fem) 



Patent 
Office 



I / $ / 

25BC1§ E75&M 



The Patent Office 

Cardiff Road 
Newport 
CwcotNP9 mn 



1, Your reference 



P1643 



2. Patent application number 

f7ftff Patent Office will fill in thti pari) 



2 5 oct 2002 s 0224 872.2 ^ j 



3. Full name, address and poBtoodc of the or of 
each applicant (underline all surnames) 



Patents ADP tuuiiber <?/>?u fci ou> fir; 

If the applicant Is a corporate body, give the 
ooufltry/state of its incorporation. 



Sense Proteomic Limited 
The Babraham, Babraham Hall 
Babraham, Cambridge 
CB2 4AT 



United Kingdom 



4. Title of the invention . 



PROBE FOR MASS SPECTROMETRY 



5. Name of your agent ftfyou have one) 

"Address for service" in the United Kingdom 
to which all cxmespondence should be sent 
(including the petfood*) 



Stratagem IPM Ltd 
The Old Rectory 
Nedging Tye 
Ipswjch 
IP7 7HQ 



Patents ADF nujnber (if you know It) 






6. If you axis declaring priority from on? or more 
earlier patoit applications, give the country 
and the date of filing of the or of each of these 
earlier applications and df you know U) the or 
each application number ' 


Country 


Priority application number 
ftfyoulaiQwU) 


Of filing 
(day /month /year) 














7, If this application is divided of otherwise 
derived from an earlier UK application, 


Number or earlier application 


Dine of ffliog 
(day/ month /year) 


give fee number and (he filing date of 



















8* & a gtateipent of inventorship and of right |yf=S : " 

if to grant of a patent required iij support of Yfclo 

this request? (An&w&> Tes 1 if; I , „ 

- a) akyctppitcantnamedtnpart3Unoiantnvemor k ar 

b) there is an inventor who Is not named as an 
applicant, or 

c) any nam ed applicant is a corporate body. 
See note (dj) 

Patents Form 1/77 



4401707390770 SUE GENTLE 

Patent* Form 1/77 



259 P03 



9 

ts for an 



25. 10.02 20:05 

• 



°* p ^s r the number of sheets for any of the 
. . .owing items you are Cling with this form. 
Do not count copies of the same document 



Continuation $heets of this form 


/ 


Description 




Claims 




Abstract 




Drawing^ 


is y 



state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a potent (Patents Form 7/77) 

Request for preliminary examination, 
and search (Patent* Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 

Any other documents 
(please specify) 



11. 



I / We request the grant of a patent on Che basis of this application. 



25 Oct. 02 



12. Name add daytime telephone number of 
person to contact in the United tCing4om 



Dominic Schiller 0870 161 1873 




Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
Will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore^ if you five in ihe 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from ihe Patent Office unless an application has been filed at least 6 weeks beforehand in ihe 
United Kingdom for a patent of the same Invention and either no direction prohibiting publication or communication 
has been given, or any such direction has been revoked 

Notes 

a) If you need help to fdl in this form or have any questions, please contact the Patent Office on 0645 $0050$, 
by WrUe'youF answers in capital letters using bldcJt "tiUTor 'you may type them. 

c) Kf there is not enough space for all the, relevant details on any part of this form, please continue on a separate 
sfoot of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached 
to this form. 

cQ If you have attached 'Yes' Patents Form 7/77 will need to be filed 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 

Patents Form 1/77 



10050972 :25:^Qctr^Q^Q8 



4401707330770 SUE GENTLE <^> r&l 10.02 ^3d:tto , 

C" 1 Probe for mass spectrometry 

Thsipresent invention relates to a probe? for the analysis of or more analytes, 
particularly proteins or compounds capable of binding or otfcfjmis* interacting 
iherewjth v t^y laser deso^ 

MALDI MS; It also relates to a protein microatray, a method of producing a protein 
roieroarray and a method of analysing a protein micro&rr&y. 

Such a mass speotrometry probe, cpon which a microarmy has been fabricated, 
enables interrelation of protein - stnali molecule interactions in a labej-fbee manner 
by desorpiion and ionisation of analyses (e.g t protein, dtug or drug candidate, 
carbohydrate, DKA* RNA or 'other test molecule). The probe and methods qxe 
particularly nseftd in the drug discovery process, for example tn hit series 
evaluation, lead optimisation, predictive toxicogenoraics and metabolite profiling. 

AnaJysis of disease processes and drug'effects have traditionally foenssed on ' 
genomics, whereas proteinics, the study of the expressed fraction of a genome, offers ' 
a more direct analysis of proteins and their inter-action. Proteotmcs was initially the 
quantitative and qualitative stody of whole cell, tissue,, organ or Qt&oxdsm protein 
expression or factions thereof. Often it involves comparing samples of similar 
biologioal origin exposed to different conditions or comparing diseased and non- 
diseased tisffue> One advantage of f^eomics ov«r genoimca is ttot it aUows 
<iuaixtita±ive id^ 

predict the presence of proteins on the basis ofxnRNAs that might be translated into 
proteins, Furthermore, proteocmics can identify posttranslational modification of 
proteins and can therefore draw conclusion about Hie activity of proteins rather than 
merely describing its presence. 

Conventional analytical methods in proteomics are? based on 2J>gel electrophoresis 
for protein separation followed by proteolytic digestion of the proteins and analysis by 
mass spectrometry- Alternatively Edraan degradation can be nsed for protein 
identification after separation. However* both methods suffer limitations dvue to their 
bias towards highly expressed proteins and the destructive method of separation . 
Therefore proteoinic methods which avoid the need for 2D~gel electrophoresis* such 
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as isotope coded afiKnity tag (ICAT, GygE et at. tandem affinity protein 

purification (TAP, Gaxin et al, 2002) and protein mioroarrays (MoBeath and 
Schreiber, 2000), are gaiirang popularity, Furthermore, these new methods haw 
broadened the scope of protectories from collecting and cataloguing data to a stage 
where relations between molech1e$ can be assigned: thia Is bow referred to as 
functional proteomics. 

Protein microarrays have most commonly taken the form of collections of 
immobilised antibodies that can be used, for example, to monitor protein expression 
levels in a miniaturised ELIS A format (Schweitzer et at* 2002). The Me of protein, 
microarrays to analyse the function, rafter than simply the abundance* of the 
immobilised proteins have received littrited attention but recent examples include the 
analysis of substrate specificity wfthin a set of yeast "kinases (Zhu et al. 2000) and the 
identification of calmodulin- and phospholipid-binding protein* -within a proteorne- 
scale collection of yeast proteins (Zhn et aL 2001 ). 

To date, protejo roicroarraya have been analysed by enhanced ehemo-luttninescence 
(ECI,), fluorescent or radioactive labels or via antibody based detection systems, but 
not by mass spectrometry. The current methods of analysing protein microarrays are 
therefore restricted by the availability of appropriate labelled Hgqnds* Examples of 
labelled ligands that have besa used succeRKfelly include fluoresocntiy-Jabelted 
antibodies and radio- or fluorescentiy-Iabened small molecule Hgsnds- However, for 
drag-like? smell molecules, which often have molecular weights of less than 1000 Eta, 
neither radio- or fluorescent labels are deairable; radiolabels are disfavoured for health 
and safety reasons, whilst the introduction of a fhtorophote into the smal] molecule 
coold significantly perturb the structure activity profile in an unpredictable manner. . 
It is therefore clear that a label-free method to detect interactions in a microarray 
format would be a majo: advran.ee and would greatly broaden the range of applications 
to areas where labelled compounds are not ava ilable or where labe lling would alter 
the properties of Q*e ligand This would be particularly usefW in the early stage of 
drag discovery, where great numbers of compounds are screened against proteins. 

Amongst the label-free detection methods that are currently available, mass 
spectrometry has the unique advantage of being able to determine not only the 
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presence but also the identity of a given ligand However* the development of a 
MALDI MS-compatibI© protein microarray is complex since existing methods for 
fcmning protein mlcto Arrays do not transfer readily onto to a MALDI target There are 
a number of reasons why this is the case, inter alia the- specialised nature of the probe 
surfaces and the potential for salts present hi reaction buffers to interfere with the 
detection method, la addition, procedures known in the art for MALDI typically 
require the co-crystallisation ofthe aqueous analyte with acidic energy absorbing 
molecules, ox < matrix% to promote ionisation of the analytes (Karas ecod Hillenkamp, 
1 988), The method of co-cry staiiising analyte and matrix for MALDI, as known in the 
art, typically results in a heterogeneous crystallisation process and yields discrete, 
spatially separated crystals that each contain differing amounts of matrix and onalyte. 
As a consequence it is often observed that individual crystals contain insufficient 
analyte for analysis by MAJLDL This in turn results in a requirement for the analyser 
to sample multiple (fe. 10*100 or more) discrete locations within a given target area m 
Oriter to obtain a good analyte signal; this is sometime referred to as "the search, for 
the sweet spot 7 ' and imposes a significant lower limit on the si^e of individual target 
area* that can be routinely interrogated by MALDI MS methods town in the art, 

In otder to generate MALDI MS-oompatlble protein microairays, solutions for the 
aforementioned shortcomings of the prior art *re requited that enable both 
miniaturisation of the targe* areas and Junctional analysis of the arrayed proteins. 



Some examples of the affinity capture of atialytes for mass spectrometries analysis 
have been described to date. However these examples relate to the use of single 
antibodies, nitriloacetic acid, anion exchangers or cation exchangers immobilised on 
the gat&ce of the MALDI target o r the use o f bead based affinity capture reagents 
(Hutchens and Yip, 1993, Brockmaaand Orlando 1995, Wang ct al 2001). However, 
all these methods suffer from one or more of the following limitations: 

a) Partial or total toss of biological activity because of amine-based coupling of 
ttte analyte or the bait onto the probe; 
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b) Low specificity between the aaalyte and &e surface which can lead to the 
non-specific binding of several analytes to the surface (e.g. ion-exchange 
surfaces); 

p) Low affinity of the analyte to the surfece which, can lead to teaching of the 
aaalyte from, the swfece during any wash procedures (e .g, ion-exchange and 
nitxiloaceiic acid surfaces); 

d) The affinity capture surface lacks non specific protein resistance, which can 
lead to high levels of nonspecific protein binding which would interfere with 
the analysis of a protein mictoarrsy; 

e) The availability of only a limited number of affinity capture proteins. 

Thus existing methods do not suable the immobilisation of lar#e numbers of different, 
purified proteins in the form of a MALDI M^ompatible microarray suitable for 
functional analysis of the microairayed proteins- 



Summary of the Invention 

The primary object of this invention is the development of a probe fbr the production 
of a piotdnmicfoftraay (as opposed to an array) which can be Interrogated by means 
of laser deaoiption/ ionisation mass spefcfrttnetry, particularly matrix assisted laser " 
desorptian/ ionisation (MALDI). 

The invention also relates to methods leading to the production of such a probe, a 
protein microairay which can be interrogated by means of laser desorptlon/ ionisation 
mass spectrometry, particularly matrix assisted laser desorption/ionisation (MALDI) 
and methods of analysing such a probe or protein microairay. 

Some of the significant advances leading to the development of such a probe are 
described in Applicant's co pending application WO 01/57198 and are thus not dealt 
with in depth herein. 

However, the development of a MALDI MS-compatiblc protein microairay is 
complex since existing methods for forming protein mioroatrayB do not transfer 
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readily onto to a MALDI»fsrrget There acre a cumber of reasons why tins is the case, 
including the specialised nature of the probe surface md the potential for salts 
present in reaction buffers to interfere with the detection method. 

Procedures known in the art for MALDX typically require title co-ayBtallisation of the 
aqueous analyte with acidic energy absorbing molecules, ot "matrix % to promote 
kfcusation of the analytes (Karaa and Hiltenkarnp, 1988). The method of co- 
crystaliifling analyte and matrix for MALDI, as known in the art, typically results in a 
heterogeneous crystallteationL process and yield* discrete spatially separated crystals 
that each, contain differing amounts of matrix and analyte. Aa a consequence It is 
often observed that individual crystals contain itiSufficient /analyte for analysts hy 
MALDL This in turn results in a requirement for the analyser to sample multiple (ie* 
1CM00 or more) discrete locations ynfhin a given target area hi order to obtain a good 
analyte signal; this is sometime referred to ad "the search for th© sweet spot". This has 
prevented mbvaturi sftfiota since protein spots need to be large. They are generally in 
the o?der pf at least ti>5xnm* 

In order to generate MALDI MS-compatibie protein ndcroarrays, soiutions for the 
a-fottoentioned shortcomings of the prior art aro required, that enable both 
miniaturisation of the target areas and factional analysis of the arrayed proteins. 



As defined herein a probe is a support whi ch is capable of acting as a target in 
analysis by laser desozption/ioadsatitm mass specfrcanetry, ^ r example matrix assisted 
later descnptionflonisalion (MALDI). The probe carries the analytic fbf example 
proteins, daring such processes aaad interacts with the repeiler lens of the ionnDptic 
assembly found in laser desotptian^oni^atipn time-of -Sight (TOF) mass 
spectrometers of the art, such that the analytes are converted to ^caseous ions to permit 
analysis. For example, the probes of the invention may be derived from targets for 
MALDI analysis as known in the art, which are treated radii that a W gfc affinity 
protein binding moiety e.g. streptavidia, avtdin or neirtravidin molecules are present 
on the probe surface which bind biottnylated proteins for subsequent analysis. For 
example, conventional glass or gold MALDt targets may be used. 
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As defined herein a micro array is an array where the size of th© discrete target areas 
ie Hie individual areas probed by a laser, is in the order of nricrometers or less . 
Whilst at the upper end of the scale, around 1 000 micrometers diameter,, they may be 
visible to the naked eye at the lower end of the scale the discrete target areas will not 
be cleariy distinguished "by the Diakcd eye, 

The aitays will typically be arranged in matrices comprising several rows and 
columns. The number of discrete target areas will depend upon what ia being screened 
though h fe generally desirable to have a high density of these discrete areas oa the 
probe surface as this will facilitate high through put screening. Typically a probe will 
comprise at least 10, more preferably at least 1 00, more preferably at least 1000 and 
as many aa 10,000 w more target areas produced thereon. (Typically a probe surface 
will have an am of aroun4 I0 5 000rnm 2 - a Bruker probe haa an area of 1 0292mm* 
. although then? fo no requirement to use the whole of the probe and the microajray can 
be applied in one or more matrices thereon.) Hie actual density in a given matrices 
will depend upon the sis© of the discrete target ai^a (which will typically be printed as 
a spot) and the spacing between adjacent spgts. Thu& the discrete target areas will 
typically be present at a density of greater than 1 discrete target areas per mm 2 within 
any matrices. 

Afc analyte capture moiety is the moiety which captures the component which fe being 
screened. Preferably, though not essentially th© capturing elerasnt is a protein 
although it Is possible to have an, array in which> for example, small molecules are 
bound to the $*urface and thus to screen for proteins. 

The term proteins as used herein is used to include both whole proteins and sub units 
or domains thereof. 



Fusion protein as used herein k used to refer to a protein which has a tag, for 
example* a biotinylation consensus sequence or phleomycin/^ocin resistance 
binding protein attached thereto. 



too® 



asm* em ^ mmms^mimm 



Linker molecules are molecules whirfh function as thefr nam© suggests. They are 
molecules comprising functional groups which allow bridge to be formed between 
different molecules. 

According to a first aapebt <>f the invention there is provided a probe, for use with a 
laser desorption/ iomsarion mass spectrometer, comprising a atapport having -aft 
eJectrocondtictive target surface thereon characterized ditto* the target sxixface 
comprises a micro array having a plurality of discrete target areas presenting one or 
more analyte capture moieties. 

The development of such a probe will enable high through put screens to be 
conducted and a plurality of protein interactions to be studied. 

Atiothersignificasit development enabling the '^miaturisf^W™ of a protein array 
formed on a MALDI target derives from the application of the Applicant's COVET 
teclbtolagy described in WO 01/57I9S. Briefly, using this technology they are able to 
create firosa cDNA libraries expreas^dproteias, which carry a "sequence tag" that can 
be wed to capture the proteins with a high affinity and in a specific orientation on the 
microairay surface. This firstly enables proteins e.g. a protein Library to be stably 
immobilized such that leeching of protein ^ra sra^e is avoided and secondly 
the oriented immobilisation of the fusion protein onto the surface ensure maximum 
biological activity. 

Yet another significant aspect of the invention, when compared to current protein 
nricroarrayg, is the provision of such a probe with an electro conductive surface. This 
surface which includes semi conductive surfaces is essential where the probe is to be 
subjected to MAL£>1 MS analysis. Whilst the support could be made wholly of an 
electro conductive material (winch, term is used herein to include serai, conducive 

materials) it is preferred to coat a ri gid support, e.g. a glass, wifo on electro 

conductive material such as, for example, gold although any suitable metal, for 
exarnp1e > silver, platinum, iridium, wolfraih, copper, cobalt s nickel, and iron or 
.mixtures thereof, or a semiconductor e.g. silicon oxide, graphite or germanium oxide 
could be used. 
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Where the piobe or ptotein microarray is produced on e.g. a standard size microscope 
glass slide it can be mounted in an adapter, which carries it into a mass spectrometer * 
Such an adaptor is described in Applicant 3 * co pending UK application no. 
02163S7M, 

A further significant develcpiaeat, and on© which may be viewed independently of 
the specific applications dumbed herein, has bean .in the way Uie Applicant has 
overcome the problems caused by non specific protein binding. The Applicant has 
overcame this particular problem by providing a layer resistant to non specific protein 
binding onto the pjfobe surface. Moore particularly, the microaxray surfece is modified 
by the inclusion of a layer of molecules which tepel proteins. These protein tepellant 
molecules which include, for example, polyetbyleneglycol maybe bound to the probe 
surface via a linker, such as* for example, a poly amino acid which readily binds to 
e.g. a glass or gold surface and whose amino or carboxyl side groups can be used to 
bind fee protein repellant molecules such that they reach out fr:Hn the probe surfece. 
The sJriffled man will appreciate that other fimctionalized modules could be used- 
Preferably the analyte binding moieties are incorporated in a position where they 
extend out fiom the swfece. Preferred protein binding moieties include e.g. biotin, 
biotin-neutravidin, and bleomycin, and. these and other moieties can. be incorporated 
into die layer either via these functional groups on the linker molecules and/ or via 
ftractional groups on the protein wpeHant molecules. Typically the affinity capture 
moieties *re incorporated in small proportions (typically less then 20%) relative to the 
protein rqpellant molecules. 

In fliis way the Applicant has been able to introduce the protein captnte moieties not 
only in a homogeneous, spatial defined arrangement but also in a manner which 
enables high affinity binding in a specific manner. The resulting surface combines 
selectivity for the capture of biological macramolecules on fhejorobe with reduced 
no n specific binding of the type co mmonl y observed on underivatised glass or metal 
surfaces and additionally results in a homogeneous distribution and orientation of the 
captured biological macromoiecules- 

The component molecules responsible for repelling non specific proteins include 
molecules which are generally hydropbilic in nature. They include polymers, such as, 
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for example, polyethylene glycol, dextraii, polyarethan© rod polyacxyiamide and self 
assembled monolayers (SAM). Preferably the polymers comprise one or mora 
function*! side grcmps via Which the protein capturing moieties can be attached. In the 
case of polyethylene glycol the functional group is a hydroxy! group- The molecules 
responsible for repelling noxx specific proteins may be bound directly to the surface as 
in s for example the case of S AM'fi or they may be attached via a Hake*. Particularly 
preferred as linkers are poly amino acids such as, for example, poly L lysine, poly L 
ospartic acid, poly L glutamic acid or mixtures thereof. The?© have amino or carboxy 
side chains via which the molecules responsible for repelling nan spec? jSc proteins 
can be attached and which can additionally be used to attach the protein capturing 
moieties* Alternatively, or in addition the protein capturing moieties can be attached 
via the component motecules responsible fi>t repelling non specific proteins. Fig 7 
flliwrtrstea the binding of such molecules and contrasts the defined orientation which 
can be achieved by tfeis ordered coupling compared to that achieved using currant 
antibody binding techniques which result in random coupling* 

T» a preferred embodiment the probe has as it's protein capture moieties either a biotin 
binder e.g. neutravidin, avidin or streptavidtn or $ bleomycin distant protein binder 
e-g. bleomycin. The proteins are bound to the ptobe to create a prcrtein microatray by 
printing a plurality of bacterial, yeast, s& or mammalian ccO lysates containing fusion 
proteins m which a high affinity tag e,g* biotin or zeocin resistant protein (ZRP) is 
expressed onto the capture surface, Ptoteins are derived from the expression of a 
cDNA library and each, individual clone is tagged at the C-temrinus and/ or on the N- 
terminus with a consensus sequence, which will enable high affinity recognition of 
the protein even in the presence of the otherwise protein repellent mplectiles. Only the 
recombinant, tagged protein can recognise the capture surface tmd other proteins from 
the lysate cam be washed away as they do not bind to the protein repellent surf&ce and 
do not have a hi gh affinity to the protein binding moieties present in the layer. 

Anotiter aspect of the invention is die study of fhe.fuU protein complement, or a 
significant fraction thereof of given cell or tissue type using a probe or protein 
tnioroairay according to the invention. 
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According to a ftrrtfter aspect of the present hr/ention there is provided a method of 

producing a protein microarray for use with laser desetption ionisatfcro masa 

i 

spectrometer comprising providing a prolbe of the invention and depositing protein 
in registration with the protein capturing inoieties in the discfete target area- 

i 

According to a farther aspect the toventiepi utilizes the probes and protein 
microarrays to analyse and screen, various reactions. 

► 

One method of analysis by laser (tetotptidii/ionisatioo mass spectrometry comprises 
the steps of; \ 

a) providing a probe of the inVention; 

b) bringing said probe into contact with on« or more proteins; and 

c) performing laser deaorpfion/ ionisation masw spectrometry on fhc 
proteins on the surfece of the prob'e, 

tot one embodiment the method comprises, between step b) and c), ap additional step 
of removing unbound molecules from the 'probe' by washing. 

i 

In another embodiment the one or more proteins are contained in a mixture of 
proteins. > 

In yet a further embodiment, which is a method for identifying a protein op the 
surface of the probe, the method comprised the additional steps of: 

d) deteimlniiig the mass of thd protefn moleoule; 

e) performing a digestion upejn a replicate sample of said protein on a 
further probe or probe surface; and: i 

f) performing laser desorption/ ionization mass spectrometry on fhe peptides 
resulting from step e) to identify sa?d proteinCs). 



In another embodiment there is a method fjor analysing the function of a protein on 
the surface of the probe and a molecule interacting with said pmtein and which 
comprises the alternative and additional steps o£ 

c) bringing a protein on fhc probe surface into contact with one or mote 

test molecules; 1 
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d) remcnirg unborad test molecules from the probe surface; 

e) performing laser des6rptfi&n/ ionization mass spectrometry on the 
protein and any molecule that had bom specifically nrtaincd on the probe 
surface through Interaction with the protein, to determine the identity of the 

protein and/or test molecule. ! 

• » * 

Tbe test molecule may be a small molecule, -protein, or a nucleic add.e.g. DNA or 
RNA. ) 

» 

In a further embodiment there is a method for analysing the Amotion of a protein on 

theai^aceoftheptoheanda 

comprises the alternative and/oT additional steps of: 

C) bringing a protein on the ptobe surface into contact with ode or more 

test substrates; Mid 

i 

d) performing laser desoiptiW ionisation mass spectrometry on the 
protein md test substrates to detenmne the presence and/or identity of 
produces of catalysis of said tesl substrate by the pxotsin. 

In one embodiment a cDNA literary which, jbas been cloned to euspresn a bigh affinity 
tag is expressed and after expression, of caqh clone., this tagged library proteins ate 
captured by the protein affinity moteiiss artd dried onto tbe mictoarray, overlaid with 
a proteolytic agent of biological or chemical origin* cleaved into fragments, overlaid 
with energy absorbm^ 

spiked with wad and evaporative i&gsnts such as glycol. The energy abscffbittg 
molecules are applied to tbe protein microarray in a new formulation at volmnes of 

e.g. a ftw nanaHtars to form a continuous layer of microcrystals. 

i 

This use of energy absiorbmg molecules in this way is yet another and independent 
aspect of the invention, ; • 

According to a ftrthet aspect of the present invention there is provided a method of 
analysing a probe of the invention in which energy absorbing molecules are 
deposited in a manner wbioh denatures an<? thus unbinds a pro tein frona a protein 
oapturitxg.moieties leaving the denatured protein lying unbound on the surface 
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The energy ab^ing molecules ftnp a ffprnogefcous layer of crystals in a discrete 
locations m registration with the protein d|pturing nioieties and captured protein. 

The homogenous layer of crystals id sqbstpially continuous such that individual 
crystals are not visible at a 100 foldjmagxujficatiop. and there are no visible gaps. It 

also has a substantially uniform depw, Sui that there is no apparent variation in 

i 

crystal si2e at a 100 fold magnification. | 

Toe energy absorbing molecules deported onto me surfece in a non aqueous 
solvent and the non aqueous solvents evjjpotated off. Preferably the non aqueous 
solvent is an organic solvent, such as, for Jxample» acetone or butanone. 
Preferably the non aqueous solvent jncludls a modifier which controls the rate of 
evaporation such that crystelltsationjof the* jenergy absorbmg tnolecules occurs on 
the probe. Suitable modifiers iacludfc glytfj jnl, polyemyieneglycol and mioglycerof . 
Preferably the energy absorbing molecule! iaie deposited in a mixture of from 80 - 
ao.9%, preferably 99% organic solvent e.J acetone to 20 - 0/i%> preferably 1% of 
modifier e.g. glycerol (vol/vol) .Typ|cal <t|»rgyabs«i^gmoleo»les include 
crystals of cc-cyano-4-hyc^y-cinnaflflic a|id, sinapiuic acid, gentisic acid, nifidine, 
succioic acid, l,8A-antbra«jnitriol43-Ttodieacrylic acid, 2^(bydroxyphenylaao) 
benzoe-acid, 4-mtxoanilin and comblnsiioifs thereof. 

i " |t 

Preferably the energy absorbing moljsoule^aie deposited in registration with the 
protein and each protein spot is cverjaid w|th a similar sized spot of fee energy 
absorbing molecules. ! \ 

! *3 • 

; ' • 1 . 

A further application of the protein attcroareay is the parallel anajyais of protein- 
proteitu protein^nticleotidQ and protekji $map molecule iuteractkra by mass 
spectrometry. [ 



Vet another aspect of the invention isjite us* fatness to screen small molecule 
compound libraries on the ?robo to defect Ts| nding pf drug-like small molecules to 
proteins that are derived ftom a proisome, *|here trie small 3»toeul« do not cany a 
label such as a radiolabel or a fhioreswait lfiibeL 

; . ;l 



! 
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in order to achieve a high density of injfcfivi hial samples on the raioroarray the energy 
absorbing molecules need to be arra^gjbd it iihicrocrystals on the surface, The matrix 
forms a homogenous layer of flat ctj st^ls * ftjhout significant gaps between tbefla and 
can be deposited in very small quaatitfes c# the microarray, 

*•!..!; ! • 

; ; I 

In conttast to die prior art in which mdtrbd |dxd anatytfe are eo ejystelised in an 
aqueoussolvent, the Applicant uses flwp dii jtijnct step- in which first the protein is 
deposited in an aqueou& solvent and thin tifi j^energy absorbing molecules are 
deposited such that they crystallise cjtri ftci a '.the nan aqtkeou* solvent on the probe. 
This has the advantage that the protein ji& dfc jpjosited in 5 its biological fonri. However, 
using a nofl aqueous solvent to deli v\r Ithe k hftgy absorbing molecules allows the 
formation of a homogenous layer of in^4^t^$ r This haa two benefits. First the 

metais it m Soot necessary to search f<x. a sweet spot 
imtbe.pJ^ence of energy absorbing 
nseasuremeril due to the even 
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as the homogenous layer guarantees ^rjrte- 
molecules and secondly it results! in ikdfre 



nature of the layer. 




Another aspect of fee invention is the antociaEted analysis of sub^ molecules binding 
to proteins present on the microaTrayj Tjhe ^leottlar weight of small molecule ions, 
which are stored in a database can beicomjjaijsd with tfte tueaswed molecular weight 
of a compound libraiy and therefore tfie rel^Oftship between the small molecule and 
protein in the array can be a$signe<L . y 



Krai uedeaaaas 
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The various aspects of the invention 



t 

I 



with reference to the following figutj^.ioictf^xan^ples hi which: 



will tjmr be dfiscrib$4, byway of example only, 



Fig la show $ix ftcreenshote taken -fieiw^i a ^jruker Autoflex maus spectrometer 
fle&control tool comparing the cryat^i ^iaflob af tfne aspect of (he invention with tbat 
obtained practicing the method of fhi ^riotjjatt. The six scrcenshots show three 
different matrices prepared in two dX&rm 4rays; 
On the left side (top to bottom) are: ! f :| • 

; • *li ' 

£) a-c^o-4-hydroxy^^^ \ 

ii) sinaptnic acid; and 

iii) gentisfc acid. 
All have been prepared in 99% aoetdn^, lwj glycerol (v/v) . 
On die right hand side (top to bottom) are tp same matrices 

iv) c^yano-4-4iydroxy-einnatt5 icj aoid^f ! 

v) sinapinie acid; and 
vf) gentlsic aoid 

prepared in aqueous solvents as per thc£prij|r art 



i t 

i c 



Fig lb shows a phototnicrograph of ^cyac|>|4^ aoid crystals. 

The matrix was dissolved in 99% ac^ne 1% glycerol and airayed onto a gold 
coated glass slide with an affinity ca^tilre dpj&ce. The printing density fe 562 
micrometers from spot center to spot[c|nte 



Fig 2a shows a mass spectrum acquif ed from.' a proteiii microacray demonstrating the 
capture of 1 500 fkntograra insulin*-!: tafato imi a affinity capture siirface. There ate 
three inaulin-Wotin peaks visible due tc|d^(e^degr&c of biolinylation. Up to 3 
biotra molecules were observed on hfedlin mths range of 6000 dalton, Two additional 
j»a3£OXej>^^ and |;*S(pdaHoiLand are sssignedjta >feutraxidin_ 

[MHfandCMH]^ | M]j j 



ft I 



Fig 2b Shows a mass spectrum acquirjee ; fro? h'a proteiii noletoaacsay demonstrating the 
capture of 15 femtogram insuliii4>jofin on 4 affinity capture surface. Two insulin.- ' 



i r 



\ r 

S I 

t 



1* 
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biotin peaks ace visible in the area 0$ 
at 7300 dalton and 14600 dalton and, ... 

it 

Fig 3a shows the detection of Cyolo^p^in ;1 
Biotin Neutravidin affinity capture sitir^ceL 
Neutravidin [MH] + and [MHJ^ peak| 1« tfjH 1 



25. 10.02 20:14 
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toil).' Two additional peaks are observed 
as Neutravidin [MH] f and [MH] a+ . 

mass spectrometry on a PEG-PLL- 
yclosporin is detected at 1205 dalton and 
>nt at 7310 and 14652 dalton. 



Fig 3b shows fee detection of Ketocqnkol^ iy mass ^eetrcrfaetey on a FEG-PLL- 
Biotin Neutravidin syrfece. Retercousji if detected at 534 dalton and Neutravidin 
fMttf and [MHf*peaks are at present j*t lM$ and 1^501 dalton'. 

Fig 3c Shows the detection of Qumidfnjji by; bass spectrometry on a PEG-PIX-Biotin 
Neutravidin surface. Qudnidine is detected i It '327 dalton and NeThraviditi [MBf and 
[MH] 2 * is present at 7310 and 14652 id|ltot| ; 

Fig 4a shows the detection of ADP a|<£ atA.; ATP was enzymatically synthesized 
from fee reaction of ADP, creatine pfco^hfiltej and creatine phosphate kinase in 25 mM 
ammonium bicarbonate at pM 7.4. [J^V jj \ia detected at 427.6 dalton and [ADP+Na 
]" 449.6 dalton. The products of the [^atiiipipbospbate kinase reaction were detected 
at 507,6, 529.6, 551.6 and 573.8, which fiisjtorell whhfee expected molecular weight 
of [ATP]" and three ATP sodium addjidfs [AT? Nay . ! [ATP NaJ and f ATP N<*sJ\ 



Control reactions in whioh either onei o: 



id. ADP or creatine phosphate or 



fee enzyme creatine phosphate kmas|^as djmitted didn't show ATP peaks. 




Fig 4b shows a MALDT mass spectruraoet 
products of dfeehzylfeiorescine (DBF$ 
a metastahile oxidation product was cjeiec 



burton cytochrome p450 QTddatfon 
it was oxidized by cytochrome P450 and 
liat 530 dalton. further molecular ions of 



oxidized dibenzylfluorescine were deleft at{4|77 and 461 dalton presenting two 



jtnonahst 



[ 

■Nativ es. \ r ijj 



if 



1 



Fig 5 shows fee capture of a Wotinyl4te?d 7^kda polypeptide on a PBC5-PLL-Biotin 
Neutravidin coated gold target. The pjrobin|vas expressed in 2 0O microliter 
Escherichia coli culture, the bacteria jv^re HMed wife lysozyme and Itaase treated. 
The resulting bacterial lysate was spojtted 0^0 a frfftnity capture surface and incuhated 



i 



*• L: I • ' 
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for 4 hours, The probe wag then wsaji 
followed "by two washes with 1 mM 
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wip 1 mM Ttifr-HCL pH 7.5 01% Triton 
pH 7.S for desalting aad removal of 



detergent. The probe target was then^nedijmrie* mw>*gen and overlaid with energy 
absorbing matrix (c^yaiio-4-hydrox^^^ dissolved in acetone). The n*a$$ 

spectrum was acquired in Ifaetf modpWi^| the delayed extcadion techaique at low 
laser power, 



Fig 6 shows identification of get^t* 
GiutathiOTKS-S-Tiatisferasfl BCCP fusaj 
coft OIutathione-g-Ttajlsferase was 
probe by Ike uaepf affinity capture 
digested oft the probe overlaid with 
analysed by * MALDI TOP mass S] 
used for a protein fing^rpriD.t anaJysi^ 




icered Schistosoma mansant 
m that was expressed in Kscheridkia 
from a crude tetfssrial lysate on the 
lyme&l Tfee caftfwed analyte was washed and 

^aii^sOTH^S toatrix dissolved in acetone and 

'i ' * 

t ter, Hue festdting peptide masses were 
e ftjsiott iffroterm wss identified as 



Giui^CT(>-S-Trattsfemse from Skfe^scJrtra 1 ^ 



o I> hi 

Fig 7 shows randOftH and orientated cififelhlf of proteins cm a probe for example a 



MALDI target* raicrottter plate cn&m 



ypt glass slide. 



!■ !: ■ 

Figure 8,The bmding of poly-I>lysmfta|o] biottn polymer (PBQ-PLT^ 



j 1 1 

biotte) to a biogeanaor is shown, Subseijwni 
coli combining biotin tagged Ghrtathi 
the surface followed by a washing 




4 neutravidin and a protein, lysate from & 

feres* (OST-BCCP) was added to 

i 

foSr each- step.. 



Figure 9a and 9b Mass specira of distj|jst fd&ftat of fee glycoprotein Fetum on 
iramobiti&ed lsctia9.(a) Biotinyi&ted p^mitNtrtlh was fatmobilised on a PEG-PIX- 



b iotin-neutravidin s urface for the c8grt 
[2M+HT moleoTitar ions of the lectin 
the [M+HTmolecular Ion of neotravie 



le elvcoptote kt Fetuln. The [M+H l*, 
ved at 25774 and 51461 dalton and 



i was observed at 1430& dalton. Peaks 



accounting for fixe molecular ior.s of a^giyeo^Qteia. observed at 401 36 and 
4273 1 dalton. (b) Biotftrylated wheat prn 4fetatinfn was immobilised on PEG-rLL- 

jibe i|eoifio capture of tbe glycoprotein Fetuin. 



biotin-neutravidin Surface and tised : 
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The (M+H3 t ? [2M+Hf molecular ic||of <jri lectin; wo observed at 17709 and 

r ™y^aHo^ at 
14300 and 28600 dahon. Tie [M+H&olt!^^ ™&* 
observed at.441f>3 dafcoa and two jwpcB atg5943 and 32158 daltotis were specific for 
the glycopiptefo and represent most ] 



iely \ freatfdo Wft products. 



Fig 1 Oa Figure 5 shows the binding msp« ^Re biadiitg of a Rhodamine-lactose 
derivative to the lectin from Aracbisjjpppg; ml (a) A PEG-PU^Nentravidin Arachis 
hypogea surface was overlaid -with ijjjpjM: la j(|»se*rljndariiisie eoitfugaae atad washed 
three times with 1 mM Trie-HCL pB$t5 aalijoverMd with a solution of energy 
absorbing a^yanohydrbxyoirjande araiji di^otved in acetone. The followingMALDI 
MS analysis shows a molecular ion 3flfs30.|4 ddton whfch fits with [MH] + of lactose- 



rhodamine. 

Fig I Ob Shoes the MALDJ MS 
the experiment The lactos 
sodium addnct moleotdar ion at 834 

Fig 10c A PEG-pLL aettfttividin 
was overlaid with a 1 tnM iacte^rhrij 
1 mM Tfcte-HCl pH pH 7.5 and 
dissolved in acetone. The MALDI 
ihodamine. 



Table 1 shows the molecular wei^ _ 
protein by protein firtgerprint analgia jjof a 




molecular weights of the peptides w^/ii&$< 
MASCOT search engine with a mas^'lecuri icy of 50 ppm. The matched proteins arc 



Detailed description 



15 



it' 

i'P 

i r 



laotojsMhodatiune conjugate a* uaedia 
ionis detected as wefi as the 



the inaAohflised FK505 binding pro^n 
conjure and washed three times with 
'energ? abfiotbtog matrix molecules 
s showsi no molecular ions of lactose 



idea which could *be assigned xo three 
|utathiono-S-transferase digest The 
:o seaxfcfc NCBI txr database using the 



I! 



s. 

r 

* t 
t i 
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1. Prenaratfon of a probe aceordin||fo oijje flaoect of the Invention. 



1.1 Cleaning of gold coated glass sflffis gnfriMALfaf probe. 



I 



A probe comprising a gold coated i 
thoroughly oleaiaed before uaejwith i 
double distilled water and dried i 



s ap glassj slide of a MALDI probe was 
gjten Jal waging steps in ecetoae, acekmiliile, 



0TO® 



gag deposited 



ig lavcr inco^Bbrattiiq prttfefo binding moieties prepared 



jEfflMfr derivative synthep 



7&0 top* (Sigma/Dorset, UK) was reacted with 



PEO-PLL-Biotin: ; 
100 mg poly-L-tysins average>i^e j : 

lQ9mgmPEG*SPA(ShearwaiOTCo*j|^ 1.1 mg 

btotbi PEG-CO-NHS in 100 mM ca^fcateLufrergHlO for a period of 30 minutes. 
The reaction was terminated by diaiyi&m \ ioM TriBfECl pH 7.5 over night The 
product from this reaction -was called Jtt p|G*PlX^Bjotin (1% PEG derivatives 
contain a Wotin headgroup) anji scvei s fothfrj {small ligaad ratios were syftmesiaed 
(t%, 2%, 10% trad 20%), 



PEG-PLL-Bleomycin: 



r ' 1 : 

i 



(I 



! 



> ( 

l! 

ii | i 

kisadlvddin i ml acetone and 7.5 mg 



10 nig of bleomycin B6 (Calbipohem 

EDC and NHS each was addeH.. The )M of |b> reaction was adjusted with. HC1 at pH 
3.1n another reaction 99 mg poky-L-li $» Ja^ readied! with 1 1 mg DVS-PEG-CO- 
NHS and 100 mg mPEG-CCHtpS it|' [j&O r#. carb wkte buffer pH 9. 
After 20 win both reactions wis miatii anifeepHwas adjusted topH g when 



n 



Is was'dfeaned up by a dialysis against a 



necessary. The PEG-PLL-Bleqmycmid 

plentiful amount of 1 mM Trisj-HCl pW7.5 Iwiffer over night The product of mis 
synthesis was called 10% PE<^PII^Blecmy6m indicating mat approximately 1 0% of 

« ix- ' i ! 1 

the PEG side chains are substituted wjjb Blfdmyoin. 



f J't 



n 



rlt 



Mt ttWata ' ' »ttm em to^^^^^M 



f- 
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1.3 Alternativ e protein capture mofe tv alMed if required 



10.02 20: IS 

19 



Mi 1 ■ • » : 

for erairoplk J % PEG-PIX-Biotin or t % 
& on^ithq probe. The surfeco was then, covered 
jejin captuM moeity over the ptobe. After 



Freshly prepared affinity captdre p 
PEG-PLL»BleomycinS6 was 
with Nesco film Co evenly distribute 
SO mm the probe was Washed Jn I in$ j pTriifff CL pH 15 and dried under nitrogen. 



fas -feady fornix 



The PLL-PEG-biotin has a neutravL 
mgtol nenttavidin for Ctoc hour at RTj-| 
V?iih washing buflfer, and washted tvri^l 
dried under nitrogen. Th8 swfibe * 
affinity capture of macronwle<*ales _ 
phleomycm/zeccin resitaace tending! « 



ihoSdde boraiid to the biotin by adding 0.5 
a AuLid chamber. The Probe was then rinsed 

, hi : 

witffl ^triple desalting buffer before it was 
[jpkdy to be used as a td&ly specific 
appropriate affinity tag, e.g. Biotin or 



2, Prepflration of a protein BfegafflA a^As tk one aspect of the iftventiw- 



i * 

Purified mRNA from heart, livpr or bi 
known techniques. The 3 8 endjofthe 
stranded ^oftttcteise whioli digests « 



which provides a tag 3 * to the cBNA 



« 1st fSspes are ftanacribed into cDN A using 
^Nljik made accessible |o a V to 5' stogie- 

of the IjNAl The reaction is controlled 
through manipulation of parameters sliph alifeio, temperature and salt concentration* 
The remaining single stranded fcgioa < f'Dl^i is $en removed by a single-stranded 
jmclease such as sming bean nuclease . h lel^t a blunt and. Hie resulting truncated 



Hi 



double stranded cDNA is then jd&gsste < • &ivith|4 raye-cqtising tfiatrictkm enzyme which 
has a rite at the 5* end of the cDNA^ft 



pddiirfngoDNA synthesis. The 
^tagrwMch^cod^s^^ar4«^^ 



solubility. In this case, this is achieved ^ jby l^atiiig the cDNA fragment into a vector 



L Transcription ungates upstream of 



the dcaied cDNA and proceeds thrt?^§|^^|bN A abd downstream tag. When lighted 
in-fi^me and in the absence of stop cJc^ns,^ xomkhg translation product consists 

• i • || : ■ : ' 

. , . i r p - : . , 



fell 
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of a polypeptide aeepxenoe derived fr<j|ith$cjoned cDNA, fused to a tag which 
reports solubility of the fb^ipwaajipTli^ technique is applicable to bora single 
cDNA and collections, i j5 ^ ! 



The version of the vector described bills eo|tWnd"e tag which encodes the zeocin 
bmdmgjwotein (Z3P), fused to BiotBM|>|tyi;G«mer Protein (BCCF) and the wye 
tag. The AppHcanthas demc^fratedlfcatl^ 

of the 2BI» to confer resistance to Zeilki, Jj dependant on the solubility of the fusion 
protein. In addition, immediately upMfeari|'oFniW.otoned cDNA, a small tag such as 
FLAG is encoded The resulting expjlaseJfeisioTi protein contains tags at the N- and 
C-terrmni for ouality control pW«4f moiresulting modified cDN A library is 
transformed into£. coU and selected m*4& Zeocinjor an analogue or is probed for 
Wotinylation of BCCP, positive clm^i^Ppasing solable rosfcn proteins are 
identified 1 



Proteins bound 



hi one experiment, human livef cDN, 
resulting library expressed in if. colt. . 
fusion protoins were clonally isolated; 




and the 

J^hnkely l>.000 clones expressing soluble 
Ividually subjected to fewxentatiott. The 



on a streptavidirhcoated surfacje in a 
several thousand members wa4 pro 



nunon proteins were cioumiy lsvimwu wu i#^.t^^^.j- - — - - — 

cells were lysed and the resulig sohfe ijjic^ylated proteins captured and purified 

dejitop. • A protein mioroarray consisting of 
Jflecting the expressed complement of the 



liver at tfxe time of harvest. 



3. Analysis of ft protein array acco A pib We aspect of the toventhm. 



3.1 Crystals af energy absnrl 



ij* r — ^Ip. 

of energy absorbing bioleCW^s ovedaymg a protein microarray were 
js pet out below: ?) to! «i> artei)^ preparations according to one aspect of 

5 : fti • lis . " . . 



Solutions < 

tho invention whereas iv) to vj) are odM|wbvo preparations spared according to 
prior ait methods: J;" 111 : 

iji: j<: • - 

W Hi • : • 

, . p f .' ' ■ 



n 



11 1 



Hi; in 
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i) Orcyano^hydroxsrdanamio add (I 
aahtfadmg amounts and 300 najaolftetf 

i 

ii) Sinapinic add {Sigma, Dorset, 
and 300 aaaoliter of the sofertidn Tvatf 
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ois^t, tJK) was dissolved in acet<maa* 
<Sf jths j^lutibn ^as used to overlay the aaslyte, 

ii ; ii! * • . ■ 

i wa£ ^'s3oJfred in acetone at saturati&g amounts 
lied jto overlay the analyte. 



iii) Gentisxc add (Sigma, Dorsfet, UK$ 



fcd in acetone at saturating amounts 



and 300 naaoliter of the solution w8^j|iitecti(> 0veT!lay the analyt©. 

: ii* J i * • : 

iv) 10 mg/mi owiyaoo^h^riU^^ jatybd (Sigma, Dorset, UK.) was dissolved in 

50 % v/v acetanftrile, 0.1 % frifluqi^&cift sj(d asloaown in the art and 300 nanolfrer 
of the solution is used to warily die ^Uytajdn the probe. 



v) Sinapinic acid (Sigma, Dotftet, 




xn ddH 2 0 at saturating amounts 



and 300 ttattoliter of the solution is u$# td f Oyorla^ thtf analyte, 



vi) GentLsic acid (Sigma, T>orset, UK||^aa||i&rolvBd iii ddHaO at saturating amounts 
and 300 nanoliter of the solution wasKtfsed^ iovesjlay the analyte. 



vii) c^cyano-4-hydroxyHriBna^n i 
acetone v/V, 1% glycerol in satnratin^ 



ofc Diprseti, UK) is dissolved in 99% 

* i : a- ' 

loiinbi. 3:nanDliter of time matrix formulation 



is then transferred onto the prcjbe, c&Atainsiihe anajyte. 



3 3 Lflgnsriq jnethodformi 



anon ofr energy absorbing matrix molecules 



The threw examples of energy jibsorbjb||; mlp|4 oul «g* prepared as described in 3. 1 above 
•were arrayed onto a protein microarr|||ajiJ(j Jije a^arjaace at 100 fold magnification 
is illustrated in Fig la. The acejtane dl^alV^l-mattix i) > S) and in) snow a very 
homogenous ctyrtalfcnwtf«o^^ tnatrix iv) T v} and yi) 

formulation currently used in the art .i i J < , ; • . 

! ' {If t i 1 
8 lit ' ! - * • 

Referring to Fig 1 a the left hand sideMides know fee acetone dissolved formulations 
whereas on t&e ri^xt hand fadejUie ajf^p&ftix formulation are shown. 



5 1 



ill 



4401707390770 SUE GENTLE 



299 P25 



1 i 

? i 



10- 

22 



Tbe new matrix formulation, ilhistrat^fhav^ proved significant in being able to 
generate protein microarrays. (jsee Fig|ie Et& because ihey allow a more efficient use 
of space on the probe surface,ihave e&io'iid flatfaess allowing greater mass accuracy, 
and furthermore increased amounts t&atric cawjbe deposited on the probe to meet 
Hie needs of high analyse densky.- -\h '; ) ; i - 

! Vp'. : • 

Fig lb illustrates a probe aeeo!dmgt^6nB|abpect?)f die invention with protein 

captured thereon (thus forming a projft tt^roatfay) with an energy absorbing matrix 

according to a further asp** of the ^j^tibjiov^lajld The a^yanor4-hydroxy- 

chmamic acid matrix was dissolved $ j^et*ie 99f* v?v, 1 % glycerol v/v and arrayed 

onto a gold coated microscope silde..^r;^vent evaporation, matrix crystals are 

formed. In contrast to the crystals foit^dby ths deposit of aqueous solutions die non- 



aqueous solvent formulation of matri^jiead^ a very homogeneous and flat crystal 
layer. Because of mis the analyst lOOMjtg tftitjie spots can "hit" the analyte within the 
"spot" and consequently the spot ean[|e majib smjkttef: enabling the mmiaturization 
and prodnetiofl of a mioroatxay becaij|e;of |4p resulting high spatial density, which 
« , . i&j aK^iu ja- JiL«V«i^™tL-h-nr. e TW« in « sitmifieant 



could not be created using aqujeeus nUirix^o^ulatiohs. This is a significant 
development in the creation o|mass 4tj wctr^aeteic compatible protein rnicroarrays 

:i 1 

■ 1 1 



1 -I 1 ; ' 1 • 1 • . 

. Protein array snhfected t» MALPt aW i* ajfohreni methods ofnge. 



Exarople I 



i •'• 



Affinity capture of a variety of taggefeota|BS can bo demonstrated using for 
example PBG-PLL-biotin or pkc-PX^M^mycih Bo as the protein capturing 

' '.jtr -1 



-moieties^-- 



V ■ 

is- 



.1. 



Figs 2, a and b show the mass p*ta| j^tfred frjjm a prtrtein mioroarray 
demonstrating respectively thjcaph&jtf MOO femtogramof biotin tagged 
insulin. The biotin tagged insulin wai|trajr?4 onjjb «w aRhiity capture surface on a 
gold coated microscope glass Hide m m n^nfolitei volume using #10 micrometer pins 



f.' 



e 1 1 

5c 



I 1*1 : " 
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g#d PEG-PLL-Bictin Netitravidin 



25.10.02 20:18 
23 



surfocs, was washed three tim^s witbj 



:anMTria-HGI pH 7*5, dried raider a stream of 
nitrogen and overlaid with 3 njmoHtr| jjjtfaj-^^ acid dissolved 

fa 99% acetone v/v, 1% giyceijol xw|i^|i a spot with an radius of typwxte&tely 
200 micrometer. The probe wds anal^d^(<h aTTWS««pectroinfiter MALDI TOF 
mass specirometer. Several blotto laj^ld iatekdini pisakfc vieiblo due to the different 
degree of biotiayiatiOT. Two a{lditi«^^are:ph9erwd at 7300 daHrai and 14600 
dalton and these are N*^^ | 



This esatnpte demonstrated fh© protei 
shows the versatility of ferano^nistngj 
that otherwise could interfere with 
Together with the n&w matrix jfonn 
ttiamifactming ptofcein microarrays fc 





* . • ■ » 

terray capability of this System and 
:§ oa She prob« surface for removal of salt 
itionU*' gaseous iocs as known in the art 
. b ^em^trates the capability of 
j^bas^spec^pmBixic analysis. 

. { i ' 

I s. * n 



4.2 Sarface catttere and detection M hssjm ^jsi. fH^q a pr6be_mrftfift 



Example 2 



tkrget is overlaid with 500 
fixfrn an E. coli lysaie expressing a 



A PLL-PEQ-biotin neutravidii 
nandiiters of a biotiiiylated prcjteiB 

human recombinant protean iniooftjii^ ^'seqttence tag in this case Statin 

cafboxyl earner protean (BCC3*) &m4 ; P^ <?d|L : ;Tl^!prote£n was captured for a period of 
2 hoip on the surface, washed'twic^ ^jLth:|^^tijg buffer followed by two waaihes 
With desalting buffer, and ov^feid^i|| : 30j) Mawfttera of! an energy absorbing matrix, 
namely saturated ct<ynflH4^^ acja iniaeeteme. The mass spectrum 

acquired in Hfoear SDode o$hig jhe *4|^ a ^i^^^n technique at tow laser power is 
fl lratraiffli in t% s. The advanfcgs o^j|s infe&odfe that the sample can be applied as_ 

F'WiyHn^^nly the molecules of interest 



a complex rnixtare of proteins J 
remain. Secondly the anaiyte ifc ct 
released from tfce afitnity capture 



[• hi k s^itfally : defined position before it is 
i tjy the iaiidition.of rnafccix* 



MO© 
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4,3 Capture, detection and iiAtetrftioridf reliomMnaiitoirotefa on proftfe-flSfftg 

~* ZZITZZIIII . i lit 5 ' 1: 



6 degradation woceto 
Example 3 



Figure 6 shows tihe peptide finjgs^s^pT?^^ ^m^L^rsis of Gl^tathione-S-transferas© -Biotin 
Carboxyl Carrier Pfotein (GStJbCc|h |j Aiiaqtelrikl etude lysar-e containing the fiiaion 

I ■ If B t- Mi..-: * 

protein and bacterial protein* Wjft* pl|$«4 oA jfe«i1fetAJiDl target previously coated with 
PEG-PLL-biotin and neutravi&jtu TBi pCtiP fUsfon partner of GST contained a 
biotinylation consensu* aequett^e TO.*s[tibafc M bwomes biotinylated when expressed in 
£. coti. allowing the fusion prjtfjsin 4|M ^Z?^*&Y to the PEQ-PU^biotin 

&di£totjans to be washed away with 
captured protein was digested by 
|by;j|fi^LI&I MS. A protein fingerprint analysis 



neutravidin surftee, whilst allpwingr 
buffer. For identifi<^ionpxupb$e thfi 
overlaying it with trypsin and amalysfe 
revealed 12 peptides belong^ tp 

belonging to Neutr&vidin and h to 

I 1 

identified using the reraainingjra 



cjcxi kchlskostima mansoni, 4 peptides 

ji, 1 1 , , ! . 

I|in ^sie table 1), but no bacterial protein was 



tedj^ejptidis* This experiment demonstrates 

! : •! t • i - '! ■ ; 
that PEQ-PLL-biothi and neut^dM;|&i fc? use?d;to purify a protein from a erode 

mixture of protein in a single ityp cJ||m^01 target Taken together this experiment 

pqve& the way fbr ptotein micxoiira^||^^tiotf iyheire the protein content on the 

array is derived ftom a baoteripVe^^o^^teiti without the need for an initial pro- 



purification step* 
"Exainple4 



-4-~- 



■ 

i i 



! 1 lit • » | • r ' . 

Figure 9a shows amass spectrlaii of bi&Jfaylatpd lisctin from Triticum vulgaris 
(WGA) captured onto a PEG-lfrX-Biciljp F^txa^dm surface. The lectin was them 



J 



if 
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probed with the giyc<>pn^n|F^^^.d ^JMALDI^atget was washed and desalted. 

| lions p£ net&avidm at 14300 and 28600 dalton, 
$5ti& dndif etujai arrived, peaks were observed at 

^seotfpt 25943 and 32156 that had not 
jjysfek ia & absence of Fetuin and they might 

X. •••• 

$^tirf sixic^vwe observed several bands upon gel 
; However the higher molecular 



! 
i 

The mass spectrum reveals triole 
the lectin was detected at 17^00-, 

i *• 

44165, Furthermore, there ati fcyo 3 

been observed when the tectift vras ; 

1 * ... 

represent degradation produces of &h 

! : I 

electorapboretlc analyst of the Ffefcity 




weight band represented fihs thain i^fBoii $rf.tl«>?protein. In Figure 9b the MALDI 



TOF spectrum of biotinylated Aiaoh5liJi>^gca^ctin captured on a PBG~PLL-Biothl 



Neatr&vidm surface is shown.; The 



i^n. proved ;with the same Fetuin solution as 
in Figure 9a. Howevet the lefcjtiafi^ krdekis fiypogka has a different binding affinity 
towards carbohydrates &oti Hie £W«tef^ n^g^if jUtelan and it therefore enriched 
specifically the small ftectioiijof.glyfe|pro^ &4t had np terminal sialic acid. The 
mass spectfum eontains peaks dedvel \!rmi ijeuttfi&y idrn 9$ 1 4300 and peaks from the 

1 oie^:4edVedfirom Asialofetuirt a*e present 



lectin at 25774 and 5146 1 dtf 
at 40136 and 42731 consent wJ&.filklosS of 4 ^13 sialic acid groups. The last 




two experiments demonstrate [the dej^ojifeuid ahalysis of protein- glycoprotein 



interactions on a protein array by ma^isp^crtTiOmetry. 



4/ ftetection of small molecules oftL-ottfei mifeftafrtttys 



Example 5 



-fifr—H-*--- .- 



To demonstrate the capability jof OTM^ojl^qule. detection in &e presence of the P£G- 
KLL-biotin and Neutravidin three st4|^.rabWtifos used in phat-maoology and 
toxicology were spiked otno the &i£*yj{ [Tht* tnbleqoles Cyclosporin. Ketoconazote and 
Quinidine were identified at their cqn|^K3^dtng molecular weight 

■ .. ■. ■ ■~h )li i- . ... . ,.\i: /v 

.AH*** 
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A PEG-PtL-biOtin coated pnjbe' was jhcupiiibd With a solution of Nentravidiu and 

washed *xteas£vttly with waskrigbiife(laK^'&is-HClpH 7.5 with 0.1% Triton X- 

■ii. i ■ 



100) and desalting buffer (1 mMTriipqiH 7:5.), dried and overlaid with energy 
absorbing matrix and them analysed Uh N^tlftTOF mass spectrometry. 



if 

< 



The mass specfca (Figure 3a, jfb and show tfce/epecinc capture of Neulravidin 
[MHTT and [MH} 2+ at 731 0 and 146^'daliqny "' 



Bxample 6 



I a farther example tha binding of a 
Figures 10a,b, and c The iactise.r: 
PEG-PLLrNeiitravidta Af«h4hypd[ 
ducted on a PEG-PlJLrNeui^^ 



:iiioiedule. to a protein is dem^strated in 
b boi^ugato was specifically retained m * 
wpurfece whereas it could -not be 
_ Q6 binding jbrotein surface* This is another 

sraacople for the detection of ajsmaH ^ ^&leijale i^emiiiiteraotiorL Tho exwnple is 
surprising skiee binding constat fbrj kcttisfe'^ iii the millimolar range, 

suggesting that the presence of the rij J&rinhe mocityha* increased ihe affinity of the 
small molecule ligand. ! ; " |jf : [ ; i * 1 : 

A £ n ^aeKan of a reaeran* nn a nrAfofn nSiCftfftytay. 
Example 7 

ATP was enzymatically synfli|iaiKdlkin^eirea^ioit of ADP, creatine phosphaie and 
creatine phosphate kinase in ii mM jtfeimaiM at pH 7.4. [ADP]" was 

detected at 427,6 daltan and tylgPtirajT 44fcfi dalton (iee Fig 4). The products of 



the creatine phosphate kinase teactic^e^^e'to^ ** 507,6, 529.6. 551 <6 and 573,8. 
which fits well with the expecUimpifel^ _ 
adducts [ATP Na]" . [ATPNaii'andtkTP^ajr- 1 - 



Control reactions k which either oo^r!lh>!si*j|ttate3 ADP or creatine phosphate or 
the enzyme creatine pbospfea&J l&asf |^ Wiflfed didn?t show ATP peaks. 

• • W'. ! "l :: 



>P>. 
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4.6 Detection of * reactant oft g pr; 

: • If? 

EJtatopteS a 




25.10. 

2? 




hriaten cytochrome P450 enzymes is 



The oxidation of drug-like small mo3ifc£ 

: jfJ»? j ■ • ■ 
the usual first step in the metabolifim&f sueji compounds. 

Heea, the oxidation of dib««ylfiuefc^n|Wy ! cytocl![K>i3Bje P450 3A4was studied with 
MAIDI MS and the results ittatotmii ^6 4, p|beD^fhiOreScei& (DBF) was 
detected at 513.795 [MHJ+ and a me^totdaojddaiian product -was observed at 
530.069* which indicate* tbe addlH^OT03i| Qxygfeh. The resulting molecule is known 
to 1?© chemically unstable and flierefqj^ (MBF) and their 

oxidation pioduats can be observed ^^^l^ |>iffl]+, 460,890 [MH+0]+ and 
.476.855 [MH+2G] dalton. ' 

This experiments shows the siiJtebnii 
and to assign function to biological 




;i& anajfS to detect biological catalysis 
des 6aptuted on^oteiii arrays. 



The mass spectra from the figures Hi 

1 . Bruker Daltonio gold te?gfct$ #2$ 
3a, -3b, 3c 5 4, 5) ; 

2. Bruker Baltarric glass target! #26lW(F'i!&te 



b£&w hdi been obtained on 



3. Broker Daltomc MTP 384 target 
x 75 ram glass slide (Figure 2a, 2b) 



biit to;barbor a gold coated microscope 30 



i sr. 

5J|. 
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11 

nil 



IMS 



ill: 



ptiiW ioi^satibn mass Hpectrometer, 

jr." . . . 

^"-ndriotivo target surface thereon 



1. A probe* ftausewidialaser de$| 

comprising a support haybxg = 

oharaotenzed in that the target sw &e| ptaaprises a mipro army having a 
plurality of discrete target area$ iresAt»«g <*w or ifcore aaialyte capture tncriettes* 



2, A probe as claimed in clajm 1 
target. 1 M;: 



m the support is a glass slide, or a MALDI 



3, A probe claimed in claim: I olfcwfeinilliis plurality of discrete target areas 
are arranged in a spatially! definSfl Jhwror. ' : ! 

i : flt ; . ; 

4. A probe as claimed in any of ihj|kaerii&g !c Wis wherein each discrete target 
area has an area of less thin- 100^!^ Uorelpwferably s tai less than 500}«tt 2 , 



oiwi* uuo c*" w» — — - — ■ 'KB — f , * 

and more preferably still less th|| ilO^jba* : !; 



4 !- •).:: "2 



5 . A probe as claimed in antf of tb|J^eqifeng*Jalms whereia eaoh discrete target 
area has an area of less fhta 783^*i|fe prcferahly less than 392fitn 2 'TOore 



preferably still less than TOjun *SL 

i •' |[1 li: = » 

6. A ptobe as Claimed in any of th^oq|d&ig Claims wherein* the discrete target 
areas are substantially cirfculkr. B| : ' j; 



7. A probe as claimed in any of Wjlaajii Wherein the discrete target areas arc 
arranged in matrices. ! 



8. A probe as claimed m claim 7 ^fteij^beriibfe a plurality of matrices on lihe 

I. I : :: 
If; i: •• 

h ■ i 



i 



Sr. ; s 



smai foro^fl < m out taciN i i_c 



1 



cj^ roc 



9, Aptobeas(^mediilclajmi7 
send 2 columns of discrete tatget| 



p. • >. •• 
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intke faatrices comprise at least 2 rows 



10. A probe as claimed in an^.of th^j 
preferably at least 1 00, more pr 
still st least 10000 discrete tar 



ccfetoiig'^lai3ij& comprising fit least 10, more 
||r«fll iat least 1 00O : , s*nd mote preferably 

f? ■ : ' 



iqfafrhs wherein the el wfroconductive 



i ! P s ** !•. - 

1 L A probe as claimed In any of fh^^^^mg .di^is wherein there is a spacing 
between acga^ent'diBcretatar^^fesl^k xoptrix of less thaft 1mm. 

12. A probe as claimed in any of th<||^o|^g4 
surface comprises a metal or a c|>i&ct6rl" : 

13. A probe as claimed in claim 12-||jiere in^;.fcetat is selected from gold, stiver, 
platinum, iridium* iron, to^cks!, ixafeblt ^©pjrtS^ or a miirture or alloy thereof and 
the semi conductor is selejsted frfe si ijcbn akide 7 graphite or germanium oxide. 



14. A probe as claimed in any of thdb^cflmg £tatexs wherein the analytic capture 
moieties are protein capture mo3£w<f3. J 4 ;• s . : 



1 5, A probe as claimed te claim «1 4 l|mere|» ^ l>rotem capture moiety is not an 
antibody. * e l 



16. A probe as claimed in claim any. 

i 

moieties ace email molecules. 

17, A probe as claimed in clan 16 * 



£cla^as 1 M 12 ■wherein the artalyte capture 



rem theisinall molecules are less than 2 kDa, 



preferably less than I kD3, tn«diMkibTjlyillss than 500 Da. 

i: 'ft:' <i 



18. A probe m claimed in any of theMpc^jing batons wherein the analyte capture 
moieties are homogentonsfy 'dispMfeS ijj* &e discrete target ajreas* 



1* 



19. A probe as claimed in any of the||recel4ing.ciatnais wherein the analyte capture 
moieties ate disposed in the dlsclJte tafet arias in a defined orientation. 

•.*. ............ , .tfft.. • •»':- 



OEOC 



ten 



£ 



r 



30 



20. A probe as claimed in au^-of 1heffc#iig claims wherein the analyte capture 
moieties have a high affinjlpteil^ |§ndia| partner. 



21. A probe as claiiruid in elaiirt 20 
analyte capture moiety an<l it? 

. ' at. least 10^M, raoreprefefably a|| 
JO^. ', ffi; 

i : '! ■ ■ 

22. A probe as claimed in any of the/pec«ji 
moiety is attached directly to. fhe'jj 




>fa tho biadoxg affinity (Kd) between the . 

irawis-at least 10" 7 M, more preferably 
V(I' 1S M, and more preferably still at least 



tiNims wherein the analyte capture 
surface. 




23. A probe as claimed'in any; of claffiS l-fetS! '^erein the analyte capture moiety 
is indirectly attached to fh?elec4|i^^ctive!'taiset surface. 

24, A probe as claimed in claim 22 ^fiereii teapoy* capture moiety is attached 



via one or more linker molecule^' 



25. A probe as claimed in claife 23 
amino acid or an alkane thiol. 

26. A probe as claimed in claim 25 
L-aspartlc acid, poly- L- gktemii 
arninoacids with the three pfo 




« «. 



1 1 

the \mkermol«c«?.es comprises a poly 



pblyiiamitio acid i« poly*I>Iystoe p poly* 
t mbjituTes of any othet known 



tipped siriinoaoids. 



27. A probe as claimed in. claim 14 a* 611,5 P* oteia capturing moiety 

binds biotin ot a bleomycin xpflismoe lutein:. . 

: . Jill 1 1 * 



28. A probe as claimed in claim 27 iperejia me'pro teift ca pturing mo iety is 



streptavidin, avidm^neutraVid^n i|&le^yci4'. ' 

'• ill S'i .is' 



•up:- .!!! : 
r". 



. jf |i h " • • *i' 

29. A probe as claimed in. any jnf the |ft«ce k dmg claims wherein, the analyte capture 
moiety is provided in a. layjnr whirls |therwfee substantially resistant to non 
specific protein binding. ' £r : . '.: • '• 

if- ii.- If 



TCOl 



30, A. probe as claimed in ctafrQi29 
substantially resistant to rim- sp 




^3. 113. fej<i >V^ ^ 

31 



.the; l.a^er which i$ otherwise 
ftfttik^aba&a.^ comprise® a polymer or a 



self assembled monolayer: (GLAJiflfMilfcb is wspoaeiMo for the generally protein 



repellant nature of the layer. ; »ii [ : - 



1 • 



3L Apffobe claimed in clajjtii 30.TO&rara 

giyool (PEG), dejctran, poiyuretrf4|e 4pplYaCTylainfde. : 

3 Z, A probe as claimed in claim 3 1 vm&tc i&the polymer is boratd to the probe 
surface via owe or more linker m&cu|ds,. ; 

33. A probe 83 olsimed in chain 32 ?|^e^c| the Iripalyte centring moiety is attached 
to the surface via. the polyfoer anjpj? W$jlb lfofceir niotecures, 

34. A probe as claimed in any 'of tfae-^ceSfing claims wfterefct a single common 
anaiyte oapture moiety is 3&ovi<^ 

; < W: M • r 

35. A probe as claimed in any k>f claiks 1 U 33 ^fciwitt a plenty of different 



anajyte capturing moietie&iaxe ; 



Lion thfe surface. 



36, A probe as claimed in any s of the^ceffing claims fvtfhst comprising a captured 



analytc. 



14 



37. A probe as claimed in claim 36 yj||$reijnitbe captinred;analyte comprises a 



protein, 



38- A probe as claimed in olai^i 37 ^Ifa^tfie protein is a fusion protein. 



39- A probe as claimed in clai/fe 38 T4prei||the fllsioii protein comprises a biotin 

carbt^l carrier pix>fein(BbGPV!| ! Yy 

if' i! 4 • •: * 

40, A probe *a claimed ft* elaixjoc 38 i^Nb|jtlie flikion proteiii comprise* a 
pWeomycin/zeooin resistasioe. pw|^ln jji 



it- : : 
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4 1 1 A probfc as claitiicd in aay 1 of cla|ffe 3#ib 4&fwheffe5n the oqrtured analyte has a 



further molecule bouad to 1 it., f I 



32 



42. A probe as claimed in claim 41 #ifttejjtt; meinufther molecule is either a small 




molecule, a protein or a nucleic m& ; J 

c .: 

43. A probe as claimed in anyj of 

tSr ! ; 

*| ! - .ii 
ii Ik J: 

44. A probe as claimed in anyiof l : p 



moieties are bxanogenousl'y di8p||^l ip<mljj tbe discrete target areas. 



45. A probe as claimed in any ; 6f elafe 36 itb 44V!hareitt the atialyte is printed onto 
. the anrfaoe, ♦ ' ;sjU 



tg bfaimz wherein the atralyte capturing 
moieties are homogeneously dlq^kdW A>» 'pxfatoaMty 1he whole of the 
surface, 



43 |4lfcrtiTdL;the ajt&lyte capturing 



46. A probe as claimed ia W yiofielflM^3"^ je*ein:tte analyte is printed using, 
<ttk|et printing, piezo dectric : pf4!§hg 1 1 pontj&tf; printing. 



.71*. t 



47* A probe as claimed in claim 46 vi|refe; for tip- contact printing the snalyte is 



.«4„w^w — — - r- w- t;f: ; : . 

applied using a split pin, solid piife ajMpriw pini . 



• "i; • • • 

48. A probe as claimed in anyiofthe| j^oefeig clkitti's wlttreim the surface in the 

discrete target areas is subfetdatifli^j. 

49. A probe as claimed in claim 48 v$p^ei|»!the iisprste target areas are flat 
bottomed wells. ' *E 'I 

til h 



50. A probe as claimed in any jof the|gj«ettg cl|3 which can bind an analyie at a 
concentration of below lO^moiel^^ir ibodpin 2 , more preferably at a 
ooucentratiott of below lO^mdijJfiosjflr lO^Onoi 2 , pore preferably at a 



concentration of below 10 s ; ntolefc M'.lWPllto 2 , wore preferably stilt at a 
concentration of below 10* koleMes M 1 Opitym 3 - . 



C- 



51. A method of producing 
ionization m$$$ $p$Qtt$ 
14 and depositing proteiit 
the discrete target area. 



52. A method of analysing a 
the protein microairay to 




n»toiii^cr^rray fcs claimed in claim 51 subjecting 



53* A method as claimed in 

spectrometry is matrix assisted 
MALDL 



' fonbation mass spectrometry. 



5&fwhfijre h the laser desorption/ iomsation mass 



54, A method a$ claimed in 
deposited over the whole 
. cm which a protein has 




cairn 



55. A method as claimed in 
deposited in ircgi^tration.'^ith 
captured* 



56. A method as claimed in cj 
motamies are deposited 
protein froitt the protein 
close proximity to the prdjta 

57. A method aa claimed in 
molecules are present as 
registration with, the profa 



ciaim 



58. A method as claimed in 

fcontinuous such that individual 
magnification and there 



259 P3S 
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3 iiray ifor. use with laser desorption 
$ «P providing a probe dahqed in cJaim 

;witi thfrprbtein capturing moieties in 



n energy, absorbing molecules are 
B^ftWtidQi with the discrete target 



! surfacsfji 

S^hejk in energy absotbrng tnolecnles are 

iarget area, cm which a protein has been 




•5S 




irptSon/ ionisatdon mass spectrometry 



in Ttffachthe energy absorbing 
(fcr ^ ich:dflhatores and thus unbinds the 
leaving the denatured protein in 
iety on: die; surface. 



oif §5 wherein ttxe energy absorbing 
ayoi iii ihe discrete target area in 



capBsrm^ioieties and captwed protein. 

~v jpyr*-' — r* 



i n fhe hcm&ogeaous layer is substantially 



£ are not visible at a 100 fold 



• apt.. ;i v 

no vifiblel&ips between neighboring cristals. 
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C- 59. A method as claimed in Asm. 4w^W^ h ^^^^ BD ° s ^ tms layer ls rf * 
substantially uniform dep 1 ih s\ic$|tat & ffe 'apparent variation in crystal 

size at 100 fold magnifies non. m 'Xf. 

'. ill . .. 



•V|r. <v 5 ;. 

60. A method ad claimed in a *y 'of Vto : ^^erein the energy al 

tl 5 '1 mi jj 

molecules are deposited <j nto fUfH»A£f in^nbn a^accni& solvent aa 
aqueous solvent is evapor rted fv j i 



A method as claimed in c 
solvent. 



and the non 



aim 6tfc &hflWn flte noii aqwoufl solvent is an organic 



62 r A method as claimed In c jaim eftMP DM <K&m\* solvent 1* acetone or 



butanone. 



63. A method as claimed in Ay of ■ wherein the non axjueot* solvent 

includes a modifier Whlcbj Mktt^l^ to of eviration such that evaporation 
of the non aqueous solvro :oocitt|fl^i^ ^ergy atisorblng molecule* a*e 
deposited. 



64. A method as claimed in claim oXifftner 



;.theixiiqdifier -which controls the rate of 
evaporation is glycerol, pd Ly&me|fi.yo$ or fhioglycerol. 

65. A method as claimed in at y of e&a.M to 64 Wherein the energy absorbing 



molecules are deposited in] a n^ffe opmjOT J 9&9%, preferably 99%, non 
aqueous solvent, prefombl r*a*et$||, t^|) - d!w; preferably 1%, modifier, 
pieferablyglycerol<volA'<i>;' & ft 



66. A method as claimed in ar f of clfc M *S=*heteu*the energy absorbing 

molecules comprises oryst 4-h^rOTy>omnainic acid, sinapmic 

"acid, gealisic acid, niii^snw^? t,^4mtocenitriol, 3-mdoleacrytic 

4-riih^anilin and combinations thereof. 

. i • • 
• i. 

'ioniiiation mass apectroiaetry 

•i* 



acid, 2-(hyclroxyphenylajz?c 

67. A method of analysis *by la *c£ dej|^ jft 
comprising the steps of: 




W<11 



a) prarvidfr^ 

b) bringing said jfrobe it 5p oc^fcct ;4ith« oixe or more proteins; 

c) performing layer. d^jfptilpR/: ibijasstfba mass spectrometry on the 



proteins on the surfaci > of th« ^bjfr- 



68. The method of claim 67 v -hibh c] 



step of removing uaboun<j 

6?, Themahodofclalaes 
mixture ofproteiiis. 



70. The method of any of da3na67i&?^ for identifying a.protein 



10,02 ^:24 
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s be&tfefen step b) and c) an additional 



mol*c?i thjeprobiS by washing* 



n. 



winiore proteins are contained fo a 



HI- 



-I' 

M6*j^Mck:|sa.n 

on the surfkee of the probj > md inch jj-^mpnses. the additional steps o£ 
d) demurring th s Aass^f ^Ih^iffioteni molecule; 



fe; a replicate *ample of said protein on a 
further probe or probe snrJ^||mtji f 

f) p^xfoirorag laser d^ wsfctid^ ^osteometry on the peptides 

resulting from step e) to Mcrij! * 




71, The method of any of olai ns;67 ^]69 ||hioh fe a rhetfood of analysing the 

function of a protein on Hi 3 surfgj^ of^lb probe and a molecule interacting with 
said protein and which coi apri ae| jtfaft j^ditioxial st^ps instead of step o) of: 

q) bringing a prot sin onffte p|?jte siitface into contact with one or more 



test molecules; 

d) removing unbojmd ft 

e) perfoxxning lasjsr :des] 



i$ticjri}> icEcdsatian mass spectrometry* on the 

... '.: I"*, I • • .! • . 

protein and any bounjl azol§&1e^ identity of ffie protein 



and/or test molecule. 



ftmction of a protein and v Ijfcb 



5i 



72* The method of claim 71 w i^in ; iaiib tej^ihoieotilje is a small molecule, protein 
of nucleic acid. 

if fi 



73. The method of any of clali is .67 t$|9 #ich is a thethod of analysing the 



the- additional, steps of: 



Mint en I M 



44017B739B770 bflJk: latNILt 



C^Jm JLCJ* f 



i prot ein 



c) bringing a 
teat substrates 

d) pfcffittraing la^:de^t 
protein snd test s*b$ttirte& 
products of catalysis 



pj$t» siir&co into contact with one ot more 
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iojiisatiofi- masa spectrometry on the 
U|d-. determinb the presence and/or identity of 
said Uit silbistrafea by the protein. 
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Experimental Section 
Figure 1) Matrix formication 
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Figure 2) Jnsulin-blotiTt mfess spefe acquit from a protein nana-array apotttag 
dotm 1500 and IS fg before wa^Sng. | v. • 
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Figure 3a) Cyclosporin defection; hi th||ipr«e|ni:c of PEG-PLL-Biotin and ncutravidfn. 
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Figure 3b) Ketocowtfole <UitetfMi fb tji* ; ;pre$fttce of FEG-FLL-Biottn aitd 
ntmtravidin. ' " : : ' llij 
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figure 3c) Qolntdixte detection in the presence ofPEC^FLiL-Biotln and aeutravidfn. 
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Figure 4b) Detection of JWuttJW 
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Fignre 5> Capture of 72 
cardiac library 
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Figure 6) Glotathtone^Ti^nsferase-Biotiii captured on Neutravidin coated MAIJK 
glass target* 





s,./ •». .... \ 



V.. t». 



. * V . 



* 1 ^ ' }*\ • . * • . . i 



: 5 * 9 •-^;- r . \«pi" "\ 5ftS ■ /ViSSdV '•±«6 ; iaSw , • iwo .3z# 4 .a«* v teoo . * 



XT 



figure 7) Coupling procedures for proteins on surfaces* 
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Random coupling 



Ordered coupling 
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BGCP-ftision- 
biotin 



Neutravidin 
PEG-PIX-biotin 




Amine coupling 



PEG-PLL 
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figure 8) Analysing FEG-PLL-Biotin affinity capture surface with ft dual wavehmgtb 
ittt erfterometer. 
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Figure 10a Mass spectrum of captured Lactose Rhodamme on PEG-PLL-biotin 
Neutravidin sorface coated with Peanut lectin. 
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Figure 10c) Mass spectrum of FK506 binding protein that was immobilised onto a 
PEG-PLL»Wotin neutravidin surface and probed with Lactose Rfcodaroia 




Table I 



Peptide masses 



919.52 



L 

1032.574 



J> 094.56 



1138 51S 



1149.628 



U 82.645 



1314.736 



1516.828 



2326.1 



843.5 



2211.1 



2283.094 



919.53 



123548 



1595.845 



2003.022 



GJutathione-S- 
gaitefcrase 
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